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1. Introduction to Ly-a forests



Quasars

Quasars

* The most luminous objects in the universe
* Supermassive black holes
* Accretion disks of matter
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Quasar spectrum from DESI.
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The Lyman-alpha forest

The Lyman-alpha forest :

* QSO continuum: unabsorbed spectrum.

* Transmitted flux field: flux/continuum.

* Trace the density fluctuations and velocity-gradient fluctuations.
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Thesis: Julianna Stermer



The Lyman-a auto-Correlation function

z=3.363

z=3.216

Thesis: Julianna Stermer
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Damped Lyman-a Systems (DLASs)

e NHI column density of a gas concentration:

High Column Density Systems (HCDs): N > 1017 / cm?
Damped Lyman-a Systems (DLAs): N > 1020 / cm? 40
351

e HCD absorption parametrized with Voigt profile
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n
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e Voigt profile = Gaussian ® Lorentzian
Gaussian: thermal Doppler broadening
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HCD eftect on the correlation function

No HCDs Add HCDs  Masked DL As
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DLAs are detectable and can be masked.
Smaller HCDs are not detectable but they smooth the delta field (cutoff in kpar)
and thus affect the correlation function.



HCD eftect on the correlation function
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2. Modeling of HCDs



Model Introduction

Modeling of Ly-a power spectrum: Pryo(k) = Por(k)Dy L(k)b%y L+ Bryap®)?

by yo = Drya + brep Frep (k)

by yoPrye = DLyaPLya + bucpPucpF uep (k)

HCD model:

HCDs are absorbers =) byep<O like byy4<0

FT of HCDs profile ) Cut-off at high k;



Model Introduction

Models for FHCD: F}?gfers(kH) — /(V — 1)(k||, n)f(n)dn (Rogers et al. (2018))

Fiep (ky|) = exp(—Lucp * ky))

In DR16: Lycp=10
Best fit: Lyp=3

1
(14 (Lucp * k) )7
Best fit: Lycp=13.4

B=153.9
y =0.002776

Fun (k) =



Fycp function

LBy model:

. FHCD ~1 for k||<1/LHCD
FHCD ~ (Lk||)'0'42 for k||>1/LHCD

* Sharp kink at k; ~ 1/Lycp
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08<u<0.95

DR16, DLAs>20.3 masked "

E -0.2
exp model: 0.4
*  Lycp=10: x?=1604.73 05
*  Lycp=3: X2=1576.96 e
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Rogers model:

° X2:157764 . 0.95<u<1.0
* Overlaps best exp model
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LBy model:

* X?>=15573
* Fit well the region 25<r<80

0.0

r?&(r)

0 5 50 75 100 125 150 175 200



Data

DR16
data

Saclay
mocks

DILL.As>20.3 masked

Model X2 Brya Brcp Drva Brep

Rogers

1577.64 2.49+0.31 0.54+0.08 -0.074+0.018 -0.087+0.007
model

LBy model 1557.30 2.87+0.40 0.54+0.07 -0.061%0.02 -0.088+0.009

Rogers

1511.86 1.6240.04 0.48+0.09 -0.127+£0.04 -0.014+£0.004
model

LBy model 1509.48 1.54+0.03 0.49+0.08 -0.136%0.03 0.005£0.003

* Rogers model works for mocks but not for data
* byep/brya 18 ten times smaller in mocks than for data



Fucp from Voigt profile and HCDs distribution f(n)
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Comparison of binning, Dy; and LBy scales

Dy : cutoff from physical nonlinearities at small scales
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Correlation function with binsize=2 Mpc/h
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Correlation function with binsize=2 Mpc/h

Data Model Xz/ d.o.f BLYA BHCD bLYA bHCD

exp Best 1577/1590 2.48+0.30 0.54+0.08 -0.074+0.018 -0.087+0.007

DR 16 data
binsize=4
LBy model 1557/1590 2.87+0.40 0.54+0.07 -0.061£0.02 -0.088x0.009
exp Best 6244/6342 2.74+0.85 0.48+0.09 -0.069+0.012 -0.09+0.022
DR16 data
binsize=2

LBy model 6219/6342 2.03+0.43 0.51+0.09 -0.0980.024 -0.051+0.023

* byep/brya more reasonable, but still ten times larger than for mocks



Conclusion:

Modeling of HCDs:
1. LBy model gives smaller X? (compared to voigt profile based models).

2. LPy model goes through the points around r = 50.

3. No combination of Voigt profiles gives the Ly model.
4. bycp 1s much larger for data than for mocks.

5. LBy model captures something else than HCD?
TODO:

* Physical understanding of Ly model

* Understand effect of binning on Ly model
* check whether the same problem 1s present in DESI data



